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INTRODUCTION

ABSTRACT

This study aimed to assess the impact of material recovery facility (MRF) in dealing with problems
of solid waste management systems, reducing solid waste generation, and raising awareness among
residents in Cu Lao Cham island (CLC). Additionally, perception of islanders toward operation and
development of MRF was also assessed. Literature review was conducted to have general understand-
ing on status of MRF operation. Waste flow analysis was performed to illustrate waste flow of MRF by
scenarios. In-depth interviews, observation, and questionnaire survey were applied to gain deep social
insights into operation and potential for expansion of MRE The results denoted that MRF recovered
51.41 kg of solid waste per day, accounting for 1.75% of the total MSW generated from households in
CLC. Products from MRE, environmental effectiveness, the effectiveness of education and information
publicity, and social cooperation had statistically significant effects on the participation of habitants
in the operation and development of MRFE. The MRFs will reduce 5.5% and 16% of the total domes-
tic waste to Eo Gio in 2025 and 2028. The MRF was expected to attain financial independence from
around 2025. Results from this study were scientific bases for managers, planners, policy-makers and
other stakeholders for management and development of MRF not only in CLC but also other islands
in developing countries.

Cite this article as: Phu STP, Dinh CL, My QN. Application of material recovery facility (MRF)
model in the context of community-based waste management — A study in Cham Island, Hoi An
City, Vietnam. Environ Res Tec 2025;8(4) 832-842.

independently [1, 2]. The CBWM is expected to solve the
problems and challenges of solid waste management in low-

Community-based waste management (CBWM) programs
can be understood as collaborations between non-govern-
mental organizations (NGOs), government agencies, and
impacted communities to establish effective local waste
management programs in which Indigenous communities
play a key role in operating these programs effectively and
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er- and middle-income countries, enhancing sustainability
development and community empowerment. The advantag-
es of CBWM would be listed as enhancement of communi-
ty-member engagement and accountability, inspecting waste
collection and reduction, household waste segregation, on-
site utilization of valuable and reusable items, composting
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biodegradable waste, and public collection service to collect
and transport waste. The model of CBWM has also contrib-
uted to effective operation of solid waste management sys-
tems in the Philippines [3] and Thailand [4].

Material recovery facility (MRF) — operated by the lo-
cal community — has been becoming a popular model of
CBWM in lower and middle-income countries such as Indo-
nesia [5] and India [6]. In general, MRF is defined as a facil-
ity capable of temporarily storing solid waste and preparing
it for classifying and cleaning recyclable waste. This will be
considered a start for the nascent recyclable waste cycle [7].
The MRF also has larger potential for greenhouse gas mit-
igation compared with existing waste-to-energy plants [8].

The application of MRF would vary due to the characteristics
of local areas. In the world, one of the most popular models
of community-driven material recovery facility (CAMREF) is
the "waste bank programs (WBP)" which was first researched
in 2008 in Thailand [9]). In Thailand, the operators of WBP
play an intermediate role in trading sorted recyclable waste
for greater net revenues. WBP operation is normally con-
ducted based on collaboration between waste generators and
other stakeholders who agreed to store recyclable waste at fa-
cilities such as schools or public spaces [10]. Similarly, in In-
donesia, WBP is cooperated by indigenous communities or
local leaders from the surrounding area. Households joined
in WBP must separate waste at their source and designated
places [11]. At MREF, weighing and value evaluation of recy-
clable waste are conducted based on waste types and quality.
Recyclable waste collected by the community is weighed and
valued according to the type and classification of the waste.
Additionally, MRF can record all joined stakeholders' trad-
ing information, such as transactions and balances. Mem-
bers of WBP can withdraw money from the system if the re-
quirement for a minimum amount of cash is fulfilled [12]. In
two municipalities of Chennai and Hyderabad, MRF — driv-
en by community — would offer economic incentives and
job opportunities for the informal sector — local scavengers.
CBWM was implemented by establishing a CAMRF that pro-
vided financial incentives and employment opportunities for
local scavengers. In these two cities, MRFs could be under-
stood as small-to-medium collection points that enhance the
role of the local community within the recycling system [6].

Cu Lao Cham Island (CLC) is a famous tourism destination
in Hoi An city, Vietnam, being a UNESCO-designated World
Biosphere Reverse since 2009. Despite positive economic de-
velopment thanks to tourism activities, the environmental
problem — rapid increase in solid waste generation — has
become a notorious issue which has not been effectively
solved by local government and related stakeholders. There
have been solutions implemented by local government such
as controlling daily number of tourists and banning sin-
gle-use plastic, but these solutions have not effectively com-
bated problems of expeditious solid waste generation.

Community-based solid waste management has been con-
sidered as proper concept for the conditions of islands and
remote areas, where there have been a host of difficulties
and challenges for solid waste management. Reduction, re-

use, and recycle have been prioritized for solid waste man-
agement strategy in CLC, thus, MRF has been strongly en-
couraged and supported by the local government. MRF has
been allowed for pilot implementation, aiming at alleviating
problems relating to solid waste generation and reducing sol-
id waste to final treatment. At final treatment, solid waste
has been gathered without proper sanitary, causing a high
risk of leaching solid waste — especially plastic waste — into
the environment at CLC. Therefore, MRF has been expected
as a solution for solid waste management but also facilities
for promoting environmental awareness and education for
indigenous inhabitants and tourists.

The establishment of MRF in CLC has been considered a
typical CBWM for central Vietnam and the whole country.
The MRF in Bai Ong was established and operated on April
1, 2021, dealing with household solid waste from 30 house-
holds. Through two times of expansion, solid waste from 120
households in Bai Ong has been collected and gathered at
the MRE In November 2022, the second MRF facility was
established in Bai Huong, an isolated village in CLC, to pro-
mote the positive effects of the CBWM and household solid
waste recycling rate at source.

Despite the initial success of MRE, the effectiveness of MRF
operation was not quantitatively assessed as a base for ex-
pansion and development in the near future. Moreover, ex-
isting studies on MRF have not proposed comprehensive
picture — regarding technical and social assessment — for
operation of MRF in islands of developing countries. MRF
is a community-based model for solid waste management,
in that, it would be potential shortcoming if solely techni-
cal assessment was conducted, disregarding social survey of
residential community. Thus, the comprehensive assessment
— technical and social aspects — is an essential reference for
effective management and planning of MRF and solid waste
management system in not only CLC but also other islands
in developing countries. Moreover, there will be also a need
for modifications and planning for the development of MRF
with robust scientific bases.

Thus, this study contributed to existing research gaps due to
some points. Firstly, this study aimed to quantitatively assess
the impact of MRF in dealing with problems of solid waste
management systems, reducing solid waste generation, and
raising awareness among residents in CLC island. Moreover,
the adaptation and cooperation of the community and the
feasibility of the operation and development of MRF were
also assessed. The role and contribution of MRF to the solid
waste management system were also analyzed. Finally, this
study would be a valuable reference for establishing a solid
waste management strategy policy and building an action
plan for spreading the MRF model on not only CLC island
but also other islands in developing countries.

MATERIALS AND METHODS

Data Collection
There were two main stages for data collection in this study.
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Firstly, literature review — research papers, reports, govern-
mental reports, and grey documents — was conducted to
have the general picture of MRF operation in CLC as well
as statistics for estimating waste flow analysis and economic
assessment. Secondly, a field trip was conducted by the au-
thors and survey team including well-trained investigators
from The University of Danang — University of Technolo-
gy and Education. The authors implemented observation
— operation status, and in-depth interviews — with related
stakeholders — to gain information about MRF operation,
problems and challenges for the development of MRF as well
as double check data of collected reports [16], being bases
for analyzing and founding scenarios for developing MRF
in CLC. Moreover, social data was also collected through
a questionnaire survey — under support from survey team
— to acquire the interaction status and opinions of the local
community about the operation and development of MRE

The MRF Concept and Scenarios of Community-Based
Waste Management in Cu Lao Cham

Depending on the capacity, the MRF was designed and built
on an area of 50 m2 to 100 m2. There are two MRFs in CLC
(Figure 1). The first MRF was set up at Bai Ong village to
collect solid waste from 120 households. The second one was
established in Bai Huong's isolated village, which has about
90 households. The MRFs are made from prefabricated steel
and recycled plastic panels to store machinery supplies and
dry recyclable waste.

The strategy for improving and spreading the MRF model
in CLC to 2028 was built in the MRF development scenar-
ios in two periods. The period of 2024 - 2025 is the re-set-
ting phase, which focuses on enhancing the existing MRF's
performance and establishing one more MRF in Bai Ong
village. The waste source is from households. In the second
phase (2026 - 2028), the capacity of the MRF was assumed
to increase by increasing the amount of waste sources from
households, markets, and public areas. Therefore, the waste
reduction rate of MRFs is expected to reach 5.5% and 16% by
the end of 2025 and 2028, respectively.

Waste Flow Analysis

Material flow analysis (MFA) is commonly used in solid
waste management [13-15], being an effective tool used to
simulate the path of waste and analyze the waste manage-

ment system. In this study, STAN2 software is the tool used
to simulate the flow of solid waste in CLC.

Social Consensus Assessment

In-depth interview and observation

In-depth interview and observation were applied in this
study to gain insights into status of management and opera-
tion of MRF [16, 17]. Government officers and other stake-
holders relating to solid waste management and MRF man-
agement were interviewed to acquire general information on
CLC's solid waste management. Moreover, the attitude and
consensus of stakeholders toward the operation and devel-
opment of MRF and environmental protection were also
topics for interview. Specifically, the advantages, problems,
challenges, and potentials of the operation and development
of MRF — from stakeholders' points of view — were topics
discussed during in-depth interviews. The role of stakehold-
ers and willingness to cooperate in operating and developing
MREF were also clarified.

Questionnaire Survey

A semi-structured questionnaire was conducted to col-
lect quantitative and qualitative data from households in
CLC. The latent variables and items were designed with the
7-point Likert scale for application to the PLS-SEM model,
which was applied to understand the social context of MRF
application. Data analysis was implemented basing on PLS-
SEM algorithms [18-20].

Economic Evaluation

Cost-benefit analysis is a method of economic analysis of a
project activity where the values of costs and benefits to so-
ciety are considered [21-23]. Some basic economic param-
eters during MRF operation were collected and calculated.
Moreover, return on investment (ROI) was also calculated to
analyse economic feasibility of MRF foundation. Investment
costs were not included.
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Figure 1. The location of the MRFs in Cu Lao Cham

Table 1. Assumptions of the MRF spreading scenario at CLC

" MRF at Bai
Huong

®

L. .4

o . Spreading phase
Criteria 2023 Re-setting phase (2024 - 2025) (2026 - 2028)
MSW generation (kg/d) 5,000 No change Increased by 10% to 2028
Number of MRF 2 3 3
Waste sources:
Number of household per 120 - 90 120 - 120 - 90 150 - 120 - 90
MRF
Solid waste from Market to 0 0 o
MRF 0% 0% 30%
Solid waste from Public area
0, (V) [}
to MRF 0% 0% 50%
Solid waste reduction rate 1% 5.5% 16%

RESULTS AND DISCUSSIONS

Current Solid Waste Flow in CLC

Figure 2 shows that MRF recovered 51.41 kg of solid waste
per day, accounting for 1.75% of the total MSW generated
from the households. Specifically, Bai Ong MRF recovered
and recycled 4.7% of the total MSW in the covered area, and
Bai Huong MRF had the same efficiency of 4.2%. Two main
MSW categories, biodegradable and dry recyclable solid
waste (RSW), were recycled by 7.2% and 0.11% at Bai Ong
MRE, 6.3% and 0.28% at Bai Huong MRE, respectively. This

means that the MRF model initially showed positive signs
when approaching and operating. However, compared to the
operation of MRF in other countries such as Italy [24] and
Canada [25], the amount of MSW recovered and recycled is
still very limited.

The limitations of MRFs in CLC may be caused by the
project's outreach to the community, and the community's
doubts about the MRF model. This has also been proven
to happen similarly in the pilot stages of applying the MRF
model [26, 27].
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Figure 3. Interaction between local community and MRF (DWSS: Doing waste separation at source; RWS: Aim of separating
recyclable waste; Dcom: Doing composting at home; LoK: General knowing level about MRF; LoU; Level of understanding what
is MRF; KWMRED: Knowing what MRF is doing; IWMRF: Interating with MRE.)
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Social Acceptance

This study implemented a social survey for analysing social
acceptance toward MRF in CLC, Hoi An city. Results of the
social survey for interaction between indigenous inhabitants
and MREF are illustrated in Fig 3. All participants were do-
ing solid waste separation at source while only one per cent
of surveyed people brought recyclable waste to MRE. The
majority of participants (89.5%) have transferred recyclable
waste to itinerant buyers or waste workers. These results de-
noted that MRFs, until now, have not been prioritised as final
destinations for recyclable waste from households.

Regarding knowledge, understanding, and interaction with
MRE, 23.3% of participants acknowledged no information
on MRF while 43% of surveyed local people engaged in pas-
sive information reception about MRE. Importantly, 26.7%
of participants showed an absence of understanding of the
existence of MRF and operation while 30.2% of respondents
had no understanding of the activities of MRE Nearly half of
the surveyed inhabitants (48.8%) had not previously visited
MRF at CLC. It is undeniable role of the local community
in the effective operation and development of MRE There-
fore, the existing status of interaction between local people
and MRF should be strongly enhanced so that the operation
and development of MRF would be strongly enhanced in the
future.

Moreover, PLS-SEM model was also utilised to identify fac-
tors contributing to the effective operation and development
of MRFs in CLC. To be specific, products from MRE, envi-
ronmental effectiveness, the effectiveness of education and
information publicity, and social cooperation had statisti-
cally significant effects on the participation of habitants in
the operation and development of MRF (Fig 4). Moreover,
acceptance from the community plays a key role in not only
the operation and development of MRF but also solid waste
management [28]. Thus, regarding products from MRE, in-
creasing the quality of products from MREF, optimizing the
proper prices of products, officially verifying quality of prod-
ucts from MRF would have direct effect on public partici-
pation on operation and development of MRF, contributing
to enhancement of solid waste management system of CLC.
Importantly, CLC is a tourism destination of not only Hoi An
city but also central Vietnam, in that, environmental effec-
tiveness of MRF would be a factor enhancing eco-tourism,
being indirectly boosting community participation in oper-
ation and development of MRFE. Additionally, social survey
denoted statistical correlation between social cooperation as
well as operating and developing MRF (Figure 4). Therefore,
collecting community’s opinions should be carefully imple-
mented, being bases for planning and design of MRE

Effectiveness of education and information publicity

Product from MRF
0,687 (0.000)

0.569 (0.003)

Environmental effectiveness
0.612 (0.003)

MRF - Operation and development _

-
0,073 (0.533)

Interaction with MRF

0.248 (0.009)

0.053 (0.481)

Social cooperation

Negative effect from MRF

Figure 4. Factors affecting the operation and development of MRF
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This study also revealed that propaganda and media activi-
ties had a statistically negative correlation to attitudes in the
MREF operation process (p-value = 0.003, p-value = -0.569)
(Fig 4). This would indicate the low efficiency of MRF-re-
lated environmental education and communication cam-
paigns. Currently, the communities also have negative feed-
back on the role of MRF in raising environmental awareness
among the residents and promoting eco-tourism. Thus, due
to importance of environmental education and communi-
cation campaigns for pro-environmental behaviour [29],
propaganda and media activities should be paid appropri-
ate attention to encourage support from local people in the
operation and development of MRF in CLC. Moreover, eco-
nomic affordability should be considered in the MRF devel-
opment strategy. Despite the importance of initial support
from government or NGOs for foundations of MRFs, sus-
tainable operation of MRFs is normally basing on financial
conditions [30]. Thus financial sustainability for MRF should
be considered through balance between product prices and
operation costs of MRE

As a result, due to results of social survey, products from
MRE environmental effectiveness, social cooperation, and
effectiveness in education and information publicity were
key factors, contributing to success of operation and devel-
opment of MRFs in CLC, Hoi An city.

Import: 5,500 kg/d

O - Households ) =
\

Dining
Sectons

(DT

(ij:@'% Accoﬁ:ma o

(72 4 el et

(E)—C!»O_.H Aher sources

Figure 5. Estimation of the waste flow in Cu Lao Cham in 2028
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Collected by truck

Analysis of Spreading MRF Model on Cu Lao Cham
Solid waste is collected by collection crews and gathered at
the MRE There are three types of waste collected separately:
RSW (paper, plastic, and metal), BSW, and others. The oth-
er solid waste is transported to Eo Gio treatment facility by
truck. BSW will be recycled by composting at MRE. RSW is
cleaned, reduced in volume, and bagged to transfer to the
junk shops. The operation of MRF in CLC is similar to oth-
er developing countries [30] with a focus on the recycling
of BSW and RSW, while MRFs in developed countries are
mainly for RSW processing [31, 32].

Figure 5 shows that the amount of MSW recovered by MRFs
is estimated to increase in the next five years, with the BSW
recovering efficiency reaching 20% in Phase 1 and rising to
30% in Phase 2. Besides, RSW is also estimated to increase
the recovery rate to 2% (2025) and 4% in 2028. The MRF in
Bai Huong is expected to recover better with a higher ratio,
with BSW 30-50% and RSW 5-7%. The MRFs will reduce
5.5% and 16% of the total domestic waste to Eo Gio in 2025
and 2028, respectively. This development and spreading pro-
cess is similar to that encountered at MRF facilities in other
countries [33]. Additionally, the MRF reduces the biode-
gradable component in the MSW, contributes to reducing
the moisture content, and increases the heating value, creat-
ing favourable conditions for incineration.
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To ensure the effectiveness of spreading the MRF model,
technical and socio-economic factors need to be considered.
This means the location of the MRF needs to be considered
to optimize community engagement; the private-public

180,000
160,000
140,000
120,000
100,000
80,000
60,000
40,000
20,000

Thousand VND/year

(20,0000 5 1 15
(40,0001 (48,070)
(60,000)

(80,000)
(100,000)

(120,000)
2023

—8— MRF1 at Bai Ong

Figure 6. Estimation of the MRF's net benefit in CLC
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-60%
-80%

-100%

2023

-99,39% -/

- {11,144}~

—&— MRF2 at Bai Ong

—&— MRF2 at Bai Ong

partnership and participation should be encouraged; the
awareness and knowledge on waste management at source
should be improved, and the markets for recycled products
from MREF should also promoted synchronously.

161,858

110,800

86,532

(10,866)

(17,272}

2024-2025 2026-2028

=—@#—MRF at bai Huong

~ 144,2%

—&— MRF at bai Huong

17,4%

~-2,3%

3,5

-73,4%

2024-2025 2026-2028

Figure 7. Estimation of MRF’s return on investment (ROI) in Cu Lao Cham Island
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Economic Affordability

In microview, this study indicated that MRF can finance its
operations based on improving recycling activities. In 2023,
the net benefit and ROI of the MRFs are negative (Figure
6-7). Based on the re-setting of MRFs, the improvement of
recycling activities, collection areas, and communication ac-
tivities is expected to improve the efficiency of recycling ac-
tivities and the commercialization of products from MRFs.
Assuming that during the re-setting phase, 50% of compost
and bio-detergent products being traded at the cost of 5000
VND/L (or kg) would have helped reduce the fund by 5-7
times compared to the current. Thus, MRF can gradually
move toward financial independence.

In the spreading phase (2026-2028), the recovery of coco-
nut shells and BSW from the recycling market also contrib-
utes to the increase of recycling output. Enhancing product
quality and communication activities is expected to increase
the commercialization efficiency of recycled products from
50% to 70% during this phase. Commercializing recycled
products is essential for the net benefit value of operating the
MREF to be positive. Figure 6 indicates that the net benefit of
MRF can reach 161 million VND/year in 2028. Moreover,
values of ROI can also reach 144.2% (MRF2 at Bai Ong)
and 17.4% (MRF at Bai Huong) in the same year (Figure 7).
Economic affordability is a key factor affecting MRF mod-
el development [34, 35]. Synchronization in technical im-
provement activities and optimal community participation
are the foundation. Strengthening communication activities,
developing educational activities, and training skills to in-
crease community proactiveness in interacting with MRF are
long-term and continuous strategies that need to be clearly
built. This has been indicated through the operation and de-
velopment of MRF in other developing countries [5, 6].

CONCLUSION

This study indicated that MRF model is a highlight in SWM
activities in CLC. Although there are still limitations in op-
erating efficiency in the pilot phase, the potential to improve
and spread the MRF model in CLC is proven to be feasible.
Solid waste classification activities have been deployed and
effectively implemented, serving as the foundation for waste
recovery and recycling activities at the MRFs and the cen-
tralized treatment area. Technical upgrading and improving
the effectiveness of community interaction in the re-setting
and spreading phases will reduce 5.5% and 16% of the total
solid waste to Eo Gio in 2025 and 2028, respectively.

In addition, this study has also demonstrated the feasibili-
ty of the self-sustaining ability of MRFs in Cu Lao Cham,
as well as the effectiveness and suitability of the communi-
ty-based waste management model of which MRF is a crit-
ical element. To be specific, quality of product from MRE
environmental effectiveness, and social acceptance were sig-
nificant factors contributing to the operation and develop-
ment of MRF.

This study offered scientific basis for pilot research and repli-
cation of the MRF model in rural or island communities and
further research for urban communities.

ACKNOWLEDGMENT

This study was financially supported by World Wide Fund
for Nature in Viet Nam (WWEF-Viet Nam). The authors
would like to express the thankful attitude to the government
of CLC and Hoi An city for supporting the survey. The views
expressed herein are those of the writers and not necessarily
those of our research and funding partners.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the findings
of this study are available within the article. Raw data that
support the finding of this study are available from the cor-
responding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this
article.

USE OF Al FOR WRITING ASSISTANCE

Not declared.

ETHICS

The survey was informed to the local government. This study
followed strictly all procedures to protect the personal infor-
mation of participants. Before answering questions or pre-
senting opinions, informed consent was collected by survey
team. Participants were also informed about the background
of the study and the purpose of this survey. Moreover, par-
ticipants were also informed that data will be only used for
research purposes and personal information will be strictly
protected. The participation of people will be based on their
free will. Participants have the right to quit the survey or not
answer questions without any explanation. Moreover, this
survey did not collect sensitive personal information such as
name and signature.

REFERENCES

L. A. Abdillah, I. Widianingsih, R. A. Buchari, and H.
Nurasa, "Trends community-based waste manage-
ment practice through waste bank in Indonesia:
towards local environmental resilience," Local Envi-
ronment, vol. 29, no. 8, pp. 1004-1007, 2024.

2. S. A. S. Fatin, H. M. Abdul, I. A. S. Suwaibatul, and
A. Mariah, "A review on the success factors for com-
munity participation in solid waste management,"
in International conference on management (icm



Environ Res Tec, Vol. 8, Issue. 4, pp. 832-842, December 2025

841

10.

11.

12.

13.

14.

15.

2011), 2011.

A. L. Wynne, P. M. Nieves, V. M. Vulava, H. N.
Qirko, and T. J. Callahan, "A community-based ap-
proach to solid waste management for riverine and
coastal resource sustainability in the Philippines,"
Ocean & Coastal Management, vol. 151, pp. 36-44,
2018/01/01/ 2018.

P. Sukholthaman and A. Sharp, "A system dynamics
model to evaluate effects of source separation of mu-
nicipal solid waste management: A case of Bangkok,
Thailand," Waste Management, vol. 52, pp. 50-61,
2016/06/01/ 2016.

M. A. Budihardjo, S. Y. Ardiansyah, and B. S. Ra-
madan, "Community-driven material recovery fa-
cility (CAMREF) for sustainable economic incentives
of waste management: Evidence from Semarang
City, Indonesia," Habitat International, vol. 119, p.
102488, 2022/01/01/ 2022.

N. Indrianti, "Community-based Solid Waste Bank
Model for Sustainable Education," Procedia - Social
and Behavioral Sciences, vol. 224, pp. 158-166, 2016.
G. Tchobanoglous, H. Theisen, and S. Vigil, Inter-
grated Solid Waste Management Engineering Prin-
ciples and Management Issue. McGraw-Hill, 2000.
Y.-C. Chen and S.-L. Lo, "Evaluation of greenhouse
gas emissions for several municipal solid waste man-
agement strategies," Journal of Cleaner Production,
vol. 113, pp. 606-612, 2016.

E Laili and K. Ullj, "Bibliometric Analysis of Waste
Bank Research for Solid Waste Management: 2008
—2018," Jurnal Teknologi Lingkungan Lahan Basah,
vol. 6, no. 2, pp. 40-52, 2018.

A. Challcharoenwattana and C. Pharino, "Co-Ben-
efits of Household Waste Recycling for Local Com-
munity’s Sustainable Waste Management in Thai-
land," Sustainability, vol. 7, no. 6, pp. 7417-7437,
2015.

S. Raharjo, T. Matsumoto, T. Thsan, I. Rachman,
and L. Gustin, "Community-based solid waste bank
program for municipal solid waste management
improvement in Indonesia: a case study of Padang
city," Journal of Material Cycles and Waste Manage-
ment, vol. 19, no. 1, pp. 201-212, 2015.

Q. M. B. Soesanto, L. R. Utomo, I. Rachman, and
T. Matsumoto, "Life Cycle Assessment and Cost
Benefit Analysis of Municipal Waste Management
Strategies," Journal of Environmental Science and
Sustainable Development, vol. 4, no. 1, 2021.

C. Shu et al., "Whole-process and multi-stakehold-
er-based solid waste management framework con-
struction for industrial parks: Toward circular econ-
omy development," Journal of Industrial Ecology,
vol. 28, no. 4, pp. 928-941, 2024.

K. R. Mattson, J. B. Pettersen, and H. Brattebg, "In-
cineration economy: Waste management policy fail-
ing the circular economy transition in Norway," Re-
sources, Conservation and Recycling, vol. 210, 2024.
Y. Liang, Q. Tan, Q. Song, and J. Li, "An analysis of

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

the plastic waste trade and management in Asia,"
Waste Manag, vol. 119, pp. 242-253, Jan 1 2021.

J. W. Creswell, Qualitative inquiry and research de-
sign: Choosing among five approaches (Qualitative
inquiry and research design: Choosing among five
approaches, 3nd ed.). Thousand Oaks, CA, US: Sage
Publications, Inc, 2013, pp. xxi, 448.

Y. D. Tong, T. D. X. Huynh, and T. D. Khong, "Un-
derstanding the role of informal sector for sustain-
able development of municipal solid waste man-
agement system: A case study in Vietnam," Waste
Management, vol. 124, pp. 118-127, Apr 1 2021.

. E Hair, J. J. Risher, M. Sarstedt, and C. M. Ringle,
"When to use and how to report the results of PLS-
SEM," European Business Review, vol. 31, no. 1, pp.
2-24,2019.

J. E Hair, M. C. Howard, and C. Nitzl, "Assessing
measurement model quality in PLS-SEM using con-
firmatory composite analysis," Journal of Business
Research, vol. 109, pp. 101-110, 2020/03/01/ 2020.
J. E J. Hair, M. H. G. Tomas, M. R. Christian, S.
Marko, P. D. Nicholas, and R. Soumya, Partial Least
Squares Structural Equation Modeling (PLS-SEM)
Using R. Springer Cham, 2021.

A. Maiurova et al., "Promoting digital transforma-
tion in waste collection service and waste recycling
in Moscow (Russia): Applying a circular economy
paradigm to mitigate climate change impacts on the
environment,” Journal of Cleaner Production, vol.
354, 2022.

C. A. Igwegbe, P. E. Ovuoraye, A. Bialowiec, O. D.
Onukwuli, and P. A. Balogun, "Green flocculation
for sustainable remediation of municipal landfill
leachate using Parkia biglobosa extract: optimiza-
tion, mechanistic insights and implication for de-
sign," Clean Technologies and Environmental Pol-
icy, 2024.

X. Jian, Y. Liu, Z.-L. Ye, and W.-Q. Chen, "Influence
of mandatory waste classification on environmental
and economic impacts of residual waste treatment
in Xiamen, China," Waste Management & Research,
p. 0734242X241265055, 2024.

E Tanguay-Rioux, R. Legros, and L. Spreutels, "On
the limits of empirical partition coefficients for
modeling material recovery facility unit operations
in municipal solid waste management,” Journal of
Cleaner Production, vol. 293, 2021.

M. L. Mastellone, R. Cremiato, L. Zaccariello, and
R. Lotito, "Evaluation of performance indicators
applied to a material recovery facility fed by mixed
packaging waste," Waste Manag, vol. 64, pp. 3-11,
Jun 2017.

K. Hanuschke, A. Batomalaque, L. Sanchez, A. R.
Romallosa, and J. Paul, EVALUATION OF WASTE
DIVERSION EFFECTS THROUGH A LOW-COST,
GRAVITY-DRIVEN WASTE SORTING PLANT IN
SAN CARLOS CITY, PHILIPPINES. 2013.

V. R. K. Galarpe, "Socio-Demographic Assessment



842

Environ Res Tec, Vol. 8, Issue. 4, pp. 832-842, December 2025

28.

29.

30.

31.

of Surrounding Community to a Material Recovery
Facility (MRF) and a Dumpsite: The Case of Lapu-
Lapu City, Philippines,” Journal of Sustainable De-
velopment Studies, vol. 8, p. 260, 01/01 2015.

S. Roy, P. R. Kaushik, P. Sangwan, and S. Herat, "Ef-
fectiveness of NGOs in mountainous solid waste
management: A case study from Healing Himala-
yas in Rakchham, Himachal Pradesh, India," Waste
Manag Res, p. 734242X241262000, Jul 28 2024.

L. D. Cuong, E Takeshi, P. P. Song Toan, and Habuer,
"Understanding driving forces of food waste sepa-
ration intention to enhance regional and local solid
waste planning: application of PLS-SEM and multi-
group analysis," Environmental Science and Pollu-
tion Research, vol. 31, pp. 50654-50669, Aug 5 2024.
H. P. Putra, E. Damanhuri, and E. Sembiring, "The
role of MRF in Indonesia's solid waste management
system (case study of the Special Region of Yogya-
karta, Indonesia)," Journal of Material Cycles and
Waste Management, vol. 22, no. 2, pp. 396-404,
2020.

J. Sadhukhan and E. Martinez-Hernandez, "Materi-

32.

33.

34.

35.

al flow and sustainability analyses of biorefining of
municipal solid waste," Bioresour Technol, vol. 243,
pp. 135-146, Nov 2017.

H. Damgacioglu, M. Hornilla, O. Bafail, and N. Ce-
lik, "Recovering value from single stream material
recovery facilities - An outbound contamination
analysis in Florida," Waste Manag, vol. 102, pp. 804-
814, Feb 1 2020.

A. Marhaendra, M. Razif, and M. N. Kusuma, "Ma-
terial recovery facilityplanning at Klotokfinal waste
disposal site of Kediri City, Indonesia," Pollution Re-
search, vol. 39, pp. 45-49, 01/01 2020.

O. Olafasakin et al., "Techno-Economic and life cy-
cle assessment of standalone Single-Stream material
recovery facilities in the United states," Waste Man-
agement, vol. 166, pp. 368-376, 2023/07/01/ 2023.
S. Yusuff, "Factors required for the successful man-
agement of a material recovery facility," Master, Post
Graduate School of Engineering Management, Uni-
versity of Johannesburg, Johannesburg, South Afri-
ca, 9911435407691, 2016.



